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().
RCAo
Yokoyama[13] WKLo ACAo $ns-WKL_{0}$
$ns-ACA_{0}$
WKLo ACAo









2 $\mathcal{L}_{2}$ (i) :0,1, (ii) : $x,$ $y,$ $z,$ $\cdots,$
(iii) : $X,$ $Y,$ $Z,$ $\cdots$ , (iv) : $+,$ $\cdot$ , (v) $:=,$ $<,$ $\in$ .
$t,$ $s$ ,
$X$ $t=s,$ $t<s,$ $t\in X$








$\forall x<t,$ $\exists x<t)$ $\Sigma_{0}^{0}$ $\Pi_{0}^{0}$ (ii) $k$
$\Sigma_{k}^{0}$ $\theta$ $\forall x\theta$ $\Pi_{k+1}^{0}$ $\Pi_{k}^{0}$ $\theta$
$\exists x\theta$
$\Sigma_{k+1}^{0}$ (iii) $\Sigma_{0}^{1}$
$\Pi_{0}^{1}$ (iv) $k$ $\Sigma_{k}^{1}$
$\theta$ $\forall X\theta$ $\Pi_{k+1}^{1}$ $\Pi_{k}^{1}$ $\theta$ $\exists X\theta$ $\Sigma_{k+1}^{1}$








$\tau\in 2^{<\mathbb{N}}$ lh $(\tau)$ $\tau$ $n$ $\tau(n)$ $\tau,$ $\sigma\in 2^{<\mathbb{N}}$
$\tau^{-}\sigma$ $\tau^{-}\sigma=\langle\tau(0),$ $\cdots,$ $\tau(lh(\tau)-1),$ $\sigma(0),$ $\cdots,$ $\sigma(lh(\sigma)-1)\rangle$
$\tau\in 2^{<\mathbb{N}}$ $\sigma\in 2^{<\mathbb{N}}$ lh $(\tau)\leq$ lh $(\sigma)$ $n<$ lh $(\tau)$
$\tau(n)=\sigma(n)$ $\tau\subseteq\sigma$ $T\subseteq 2^{<\mathbb{N}}$ 2
$\tau\in T$ $T$ 2 $T$
$\forall n\exists\tau\in T$ $(lh(\tau)=n)$ $T$
$f$ : $\mathbb{N}arrow\{0,1\}$ 2 $T$ (path) $n\in \mathbb{N}$
$f[n]\in T$ $f[n]=\langle f(0),$ $\cdots,$ $f(n-1)\rangle$
$WKL_{0}$ RCAo WKLo
(Yokoyama[10]), (Shioj $i$





$\bullet$ : $X$ $\varphi(x)$









$f,$ $f’$ : $Darrow \mathbb{C}$ $(f, f’)$ $*$ 1.
$\forall z\in D\lim_{warrow z}\frac{f(w)-f(z)}{w-z}=f’(z)$ .
$f$ $f’$
$\gamma$ : $[0,1]arrow \mathbb{C}$ $\forall t\in[0,1]\gamma(t)=\gamma(0)+t(\gamma(1)-\gamma(0))$ $\gamma$
$\gamma$ : $[0,1]arrow \mathbb{C}$ $z\in \mathbb{C},$ $r>0,$ $a\in \mathbb{R}$
$\forall z\in[0,1]\gamma(t)=z+\exp(iat)$ $\gamma$
$D\subseteq \mathbb{C}$ $f:Darrow \mathbb{C}$ $\gamma$ : $[0,1]arrow \mathbb{C}$
$f$ $\gamma$ $\int_{\gamma}f(z)dz$ (
$*12$ $ACA_{0}$
WKLo $WWKL_{0}$ (Yokoyama[10]). $WWKL_{0}$
23
) $\int_{\gamma}f(z)dz=\lim_{|\Delta|arrow 0}S(f, \gamma, \Delta)$ $[0,1]$ $\Delta=\{0=$
$x_{0}\leq\xi_{1}\leq x_{1}\leq\cdots\leq\xi_{n}\leq x_{n}=1\}$ $| \triangle|=\max\{x_{k}-x_{k-1}|1\leq k\leq n\},$
$S(f, \gamma, \triangle)=\sum_{k=1}^{n}f(\xi_{k})(\gamma(x_{k})-\gamma(x_{k-1}))$ $h_{\gamma}$ : $\mathbb{N}arrow \mathbb{N}$
$h_{\gamma}$ $f$ $\gamma$ (modulus of integrability)
: $[0,1]$ $\Delta_{1},$ $\triangle_{2}$ $n$ $|\triangle_{1}|<2^{-h_{\gamma}(n)}$
$|\Delta_{1}|<2^{-h_{\gamma}(n)}$ $|S(f, \gamma, \Delta_{1})-S(f, \gamma, \Delta_{2})|<2^{-n}$
$f$ : $Darrow \mathbb{C}$ $D$ $\gamma$ : $[0,1]arrow D$ $f$ $\gamma$




2. $f$ : $Darrow \mathbb{C}$
3. (Yokoyama[10])
2 ([2] Theorem 3.6). $WKL_{0}$
1. $f$ : $\Delta(r)arrow \mathbb{C}$ $\langle\alpha_{k}|k\in \mathbb{N}\rangle$ $\Delta(r)$
$f(z)= \sum_{k\in \mathbb{N}}\alpha_{k}z^{k}$ $\triangle(r)=\{z\in \mathbb{C}||z|<r\}$
2. ( ) $f$ : $Darrow \mathbb{C}$ $\overline{B(a;r)}\subseteq D$
$\sup\{|f(z)||z\in\overline{B(a;r)}\}=\sup\{|f(z)|||z-a|=r\}$







: $D\subsetneq \mathbb{C}$ $f$ : $Darrow\triangle(1)$
$\triangle(1)$ $\{z\in \mathbb{C}||z|<1\}$ Yokoyama[ll]
WKLo ACAo $*$2.
1 ([2] Theorem 3.10). RCAo
: $D\subsetneq \mathbb{C}$
$*$ 3 $f$ : $Darrow\triangle(1)$
(semi-polygon) $\gamma=\langle\gamma_{1},$ $\cdots,$ $\gamma\iota\rangle$ 3
:(i) $k(1\leq k\leq l)$ $\gamma_{k}$ : $[(k-1)/l, k/l]arrow \mathbb{C}$
;(ii) $k(1\leq k<l)$ $\gamma_{k}(k/l)=\gamma_{k+1}(k/l)$ ;(iii) $\gamma_{1}(0)=\gamma_{l}(1)$ .
$t\in[0,1]$ $\gamma(t)$ $t\in[(k-1)/l, k/l]$ $\gamma(t):=\gamma_{k}(t)$
$\gamma$ $t,$ $s(0\leq t<s<1)$ $\gamma(t)\neq\gamma(s)$ $\gamma$
1
WKLO
1 ([2] Lemma 3.4). $RCA_{0}$ $\gamma$ $\mathbb{C}$
$\gamma$ $({\rm Im}(\gamma))$ , $D$










(modulus of uniform continuity) $h$ : $\mathbb{N}arrow \mathbb{N}$
$n\in \mathbb{N}$ $|z-w|<2^{-h(n)}$ $|f(z)-f(w)|<2^{-n}$
$f$ $D_{0}$ $f$
(effectively uniformly continuous) $\overline{Int(\gamma)}\subseteq D$
$\gamma$ : $[0,1]arrow D$ $f$ Int $(\gamma)$ $f$
(semi-effectively uniformly continuous) $RCA_{0}$ $f$
( 2.3) (
RCAO )
2. RCAo $f$ : $Darrow D’\subseteq\Delta(1)$ $f(O)=0$
$r>0$ $D\supseteq\Delta(r)$
$|f’(O)|<1/r$
3. RCAo $D\subseteq \mathbb{C}$ $f$ : $Darrow D’\subsetneq\triangle(1)$
$f(0)=0$ $\alpha\in\Delta(1)\backslash D’$
$\eta_{\alpha}^{0}$ : $Darrow\Delta(1),$ $\eta_{\alpha}^{1}$ : $\Delta(1)arrow\Delta(1)$ $*$4.
$\eta_{\alpha}^{0}(z)=\sqrt{(z-\alpha)}/(1-\overline{\alpha}z)$ ;
$\eta_{\alpha}^{1}(z)=(z-\beta)/(1-\overline{\beta}z)$ . $\beta=\sqrt{-\alpha}$
$h$ : $Darrow h(D)\subseteq\Delta(1)$ $h(z)=\eta_{\alpha}^{1}(\eta_{\alpha}^{0}(f(z)))$
$h(O)=0$ $|h’(O)|>(1+d^{2}/2)|g’(0)|$ $d=1-|\beta|$
1 : $\gamma=\langle\gamma_{1},$ $\cdots,$ $\gamma_{l}\rangle$ $D$
$k\in \mathbb{N}$ $r_{k}=1-2^{-2k}$ $\Delta(1)$
$\langle D_{k}|k\in \mathbb{N}\rangle$ , $D_{0}=D$ , $\langle\tilde{f}_{k}$ : $D_{k}arrow f(D_{k})|k\in \mathbb{N}\rangle$
$\bullet$
$\tilde{f}_{k}$ : $D_{k}arrow\tilde{f}_{k}(D_{k})=:D_{k+1}\supseteq\Delta(r_{k+1})$






$\langle\tilde{f}_{k}|k\in \mathbb{N}\rangle$ $f_{00}=id_{D_{0}}$ $\alpha\in\triangle(1)$
$\eta_{\alpha}^{0},$ $\eta_{\alpha}^{1}$ 3 $\psi_{\alpha}:=\eta_{\alpha}^{1}0\eta_{\alpha}^{0}$ $D_{0}$ $f$
$r>0$ $\Omega(f, r)\equiv f(D_{0})\supseteq\overline{\triangle(r)}$ $\Omega(f_{00}, r_{1})$
$\Omega(f_{00}, r_{1})$ $\tilde{f}_{0}:=f_{00}$ $\Omega(f_{00}, r_{1})$
$\alpha_{01}\in\Delta(1)\backslash f_{00}(D_{0})$ $f_{01}:=\psi_{\alpha_{01}}\circ f_{00}$




$f$ : $D_{0}arrow\triangle(1)$ $r>0$ $\Omega(f, r)$
$\searrow$ (ii) $k\in \mathbb{N}$ $\Omega(f_{kj}\circ\tilde{f}_{k-1}, r_{k+1})$ $i$ $(k=0$
$\Omega(f_{0j}, r_{1})$ j) $\searrow$ (i) $f$ : $D_{0}arrow f$(Do)





$\Omega(f, r)$ $\Sigma_{1}^{0}$ $f:D_{0}arrow f(D_{0})$
$\neg\Omega(f, r)$ $\Sigma_{1}^{0}$ $\Omega(f, r)$ $\Delta_{1}^{0}$
(ii) 2 3 $k$ $i$
$f_{kj}$ : $D_{k}arrow f_{kj}(D_{k})$ $D_{k}\supseteq\overline{\triangle(r_{k+1})}$
2 $j$ $|f_{kj}’(0)|<1/r_{k+1}$ 3
$|f_{kj}’(0)|>(1+2^{-k})^{j}$ $J$ $(1+2^{-k})^{J}>1/r_{k+1},$






$f$ $D_{0}$ $f$ $D_{0}$
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(Tanaka and Yamazaki[9]), (iii)
(Yokoyama and Sakamoto[4]). Yokoyama[11] ACAo
ACAo
Yokoyama[13]
$ns-WKL_{0}$ $ns-ACA_{0}$ $WKL_{0},$ $ACA_{0}$
*7.
$J$ : $[0,1]arrow \mathbb{C}$ $\forall s\forall t(J(s)=J(t)rightarrow(|s-t|=0\vee|s-t|=$
$1))$ $J$ : $[0,1]arrow \mathbb{C}$ ${\rm Im}(J)$ , Int $(J)$ ,
$Ext(J)$ ${\rm Im}(J)$ $:=\{z\in \mathbb{C}|\exists s\in[0,1]z=J(s)\}$ ;
Int $(J)$ $:=\{z\in \mathbb{C}\backslash {\rm Im}(J)|g(O)=z$ $g$ : $[0, \infty)arrow \mathbb{C}\backslash {\rm Im}(\gamma)$
}; ${\rm Im}(J);=\{z\in \mathbb{C}\backslash {\rm Im}(J)|g(O)=z$ $g:[0, \infty)arrow \mathbb{C}\backslash {\rm Im}(\gamma)$
$\lim_{warrow\infty}|g(w)|=\infty$ }.
$ns-WKL_{0}$ $J$ ( )
2 ([2]Theorem 4.4). RCAo
1. $WKL_{0}$
2. : $J$ :
$*7$ Horihata and Yokoyama[2]
28
$[0,1]arrow \mathbb{C}$ $f$ : $Int(J)arrow\triangle(1)$
ACAO [2]
$ns-ACA_{0}$ ( )
3 ([2]Theorem 4.6). RCAo
1. $ACA_{0}$
2. $D\subsetneq \mathbb{C}$ $f$ : $Darrow\triangle(1)$
$D\subseteq \mathbb{C}$ $D$ (
RCAo ) $D$
3.3 2:
















2 :(i) $\mathbb{C}\backslash \{-1,1\}$ $\Delta(1)$ ;
(ii) (lifting lemma). WKLo (ii)
(i) $D,$ $X$
$*$ 9, $\pi$ : $Xarrow D$ $\langle U_{kl}|k,$ $l\in \mathbb{N}\rangle,$ $\langle V_{k}|k\in \mathbb{N}\rangle$
$X,$ $D$ $\pi_{kl}$ : $U_{kl}arrow V_{k}$
6 $(X, D, \pi, U_{kl}, V_{k}, \pi_{kl})$ $D$ :(1) $U_{kl},$ $V_{k}$ ;
(2) $D= \bigcup_{k\in \mathbb{N}}V_{k};(3)X=\bigcup_{k,l\in \mathbb{N}}U_{k\downarrow;}(4)$ $k\in \mathbb{N}$ $\pi^{-1}(V_{k})=\bigcup_{l}U_{kl;}(5)$
$k,$ $l\in \mathbb{N}$ $\pi|_{U_{kl}}=\pi_{kl}$ . $\pi$ (i)
: $\Omega=\{z\in \mathbb{C}|{\rm Im}(z)>0\wedge{\rm Re}(z)<1\wedge|z|>1\}$
$H=\{z\in \mathbb{C}|{\rm Im}(z)>0\}$
$\overline{\Omega}$
( 1) $\Omega$ $H$
$\lambda$ ( ) $\Omega$
( ), RCAo WKLo









2. : $D_{0},$ $D$ $f$ :Do $arrow D$
$(X, D, \pi, U_{kl}, V_{k}, \pi_{kl})$ $D_{0}$ $f$
$f:D_{0}arrow X$ $\pi\circ f=f$ $f$ $\pi_{kl}^{-1}$
$\hat{f}$








$f\mathbb{C}arrow \mathbb{C}$ 2 2 $-1,$
1 $f$ : $\mathbb{C}arrow \mathbb{C}\backslash \{-1,1\}$ (i)
$\pi$ : $\Delta(1)arrow \mathbb{C}\backslash \{-1,1\}$ $\mathbb{C}$ (ii) ( 4)
$f$ : $\mathbb{C}arrow \mathbb{C}\backslash \{-1,1\}$ $\hat{f}$ : $\mathbb{C}arrow\Delta(1)$ $\pi 0\hat{f}=f$
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